This study covers the preprocessing and atmospheric correction of a seasonal time series five Hyperion EO-l images from HyyWila, Southern Finland (6 1° SI'N, 24° ITE). The time series ranges from May Sth 2010 to July 11 t it 2010, covering much of the growing season and the seasonal changes in vegetation reflectance. Atmospheric correction of the time series was done with Fast Line-of-sight Atmospheric Analysis of Spectral Hypercubes (FLAASH) and ATmospheric CORrection (ATCOR) algorithms for comparison. Both algorithms performed well with Hyperion imagery. Diffe rent red edge inflection point (REIP) calculation methods were analyzed to determine their applicability for Hyperion imagery. REIP was calculated using four-point interpolation, Lagrangian interpolation, and fifth order polynomial fitting. Due to the dynamics of the red edge, polynomial fitting was seen as the best method for calculating the REIP. REIP did not correlate strongly with Leaf Area Index (LAI) but a stronger correlation was observed with understory REIP.
INTRODUCTION
While spaceborne satellite data has been extensively used to extract biophysical fo rest characteristics through reflectance characteristics and vegetation indices, there are still many questions regarding seasonal changes in reflectance. Boreal fo rests have already seen changes in growth patterns from climate change, and the large scale monitoring of these fo rests is becoming increasingly important. Understanding the seasonal changes in reflectance in the boreal region will allow for the monitoring of seasonal biophysical changes using satellite imagery. For this monitoring to be possible the satellite imagery needs to be preprocessed and atmospherically corrected to create a time series of hemispherical-directional reflectance fa ctors (HDRF).
The red edge is the abrupt change in reflectance between 680nm and 740nm seen in vegetation spectra. The REIP is the wavelength, at which the slope is steepest in the 978-1-4799-3406-S/12/$3 1.00©2012IEEE red edge. The REIP is sensitive to plant chlorophyll content and has been extensively used for estimating vegetation biophysical parameters including LAI, biomass and plant stress.
Hyperion is a narrowband imaging spectrometer aboard the U.S. Geological Survey (USGS) Earth Observer-1 (EO-I) satellite. Hyperion captures data across 242 spectral bands covering a spectral range of 3S6 to 2S77nm resulting in a nominal spectral range of lOnm. While the high spectral resolution of Hyperion makes it possible to calculate the REIP there is no consensus on how this calculation should be done, as different methods produce conflicting results.
The aim of this study was to compare FLAASH and A TCOR atmospheric correction algorithms for a time series of Hyperion images. The resulting images were evaluated using in situ handheld spectrometer reference measurements of a grass field. The corrected time series was used to determine the applicability of Hyperion-derived REIP for characterizing vegetation dynamics in the northern boreal zone. Comparing the applicability of Four-point interpolation [1] , Lagrangian interpolation [2] , and polynomial fitting [1] for Hyperion data.
DATA
Five Hyperion scenes were provided courtesy of the USGS. The scenes make up a seasonal time series in 2010 with images from: may S th , June 2n d , June lo th , July 3 rd and July 11 th . The scenes are from Hyytiala, Southern Finland (6 1° SI'N, 24° IT E). The area is mainly fo rest, with the dominant tree species being Norway spruce (Picea abies), Scots pine (Pinus sylvestris) and Silver birch (Betula pendula).
In situ field spectroscopy measurements were made from five sites in the area, fo ur fo rest sites and a grass field. The fo rest sites consisted of one spruce, one birch and two pine plots. Two pine plots were chosen due to their different site types, with one xeric and one sub-xeric. The field spectroscopy measurements were made using an ASD FieldSpec Hand-Held spectrometer (Analytical Spectral Devices Inc.) with a spectral range of 32Snm to 107Snm. The forest understory measurements were conducted under diffuse lighting conditions (either under full cloud cover or at low solar elevation) to determine understory spectral albedo. A full account of the understory measurements can be fo und in [4] . Measurements of the grass field were made with low cloud cover and high solar elevation. All measurements were done with a transect approach, with 28m long transects and measurements roughly every meter. A white reference measurement was taken every third measurement, which was used to produce a reflectance fa ctor. The resulting reflectance is hemispherical conical reflectance fa ctor (HCRF), which is considered to be comparable to HDRF.
Tree-level LAI was measured from the same fo rest sites. LAI is defined as hemi-surface area of leaves per unit horizontal ground area. Measurements of LAI were made using two LAI-2000 Plant Canopy Analyzer instruments; one above the canopy and one below. The sampling scheme was a 'VALERI-cross' (Validation of Land European Remote Sensing Instruments, http ://w3 .avignon.inra.fr/valeril) which consists of two perpendicular 6-point transects. The distance between two measurement points was four meters, so that the sampling scheme corresponded roughly to a 20m x 20m plot. The measurement height was 0.7 meters for below canopy measurements.
METHODOLOGY
The Hyperion preprocessing largely fo llowed the method outlined in [3] . The processing steps included a two-step de striping, desmiling, atmospheric correction using both FLAASH and A TCOR, and finally geocorrection.
Striping appears in Hyperion imagery in the along track direction and can be divided into two classes: completely missing lines and stripes. The completely missing lines contain no information at all and can be systematic over a number of consecutive bands. The actual striping is more random with little correlation between consecutive bands. Initial destriping was done using spectral moment matching (SpecMM) as outlined in [5] . While SpecMM is effective at eliminating the actual striping using neighboring highly correlated bands and columns, it cannot correct systematically missing columns. The second part of the destriping thus used a local filter to replace all still effected columns with the average of the two neighboring columns [3] .
Hyperion suffe rs from a shift in wavelength in the across-track direction known as spectral smile. The shift is most pronounced in the VNIR wavelengths and varies with 978-1-4799-3406-S/12/$3 1.00©2012IEEE intensity according to cross track column. This shift was measured by pre-launch calibration measurements, which are assumed to quantify the smile in Hyperion imagery. Using these pre-launch measurements each band in the image was resampled to a common wavelength using a cubic spline interpolation.
Ideally the amount of radiant energy recorded by a sensor would be a direct function of the radiant energy leaving the surface at a specific view angle. However, the radiant energy recorded by a sensor also contains energy from other paths, which include energy from neighboring areas and energy reflected from the atmosphere but does not contain the energy absorbed by the atmosphere. The amount of energy received through diffe rent paths and absorbed by the atmosphere is scene and atmosphere dependent. In order for scenes in a time series to be mutually comparable they need to be atmospherically corrected. The look-up table method of atmospheric correction, which makes use of pre calculated tables of atmospheric transmittance, has been widely used for Hyperion imagery.
In this study, two MODTRAN based look-up table atmospheric correction algorithms (FLAASH, A TCOR) were compared. FLAASH developed by Spectral Sciences Inc is implemented in ENVI (ITT VIS) while A TCOR is developed by ReSe Applications and runs in IDL (ITT VIS). The input of atmospheric aerosol levels differed between FLAASH and A TCOR. Both algorithms can estimate aerosol levels from the images using the ratio of reflectance at 2000nm and 500nm in dark pixels (KT method) [6] . However, the method overestimated aerosol levels in all five Hyperion scenes. This was signified by extremely negative reflectance, in particular over water bodies. ATCOR algorithm can reiterate the calculations with consecutively higher visibility (lower aerosol levels) until less than 1% of the output pixels in red and NIR are negative. In FLAASH, aerosols levels can be inputted manually using a visibility estimate. An optical visibility sensor in the area was used to obtain the visibility estimate. The use of a sun photometer was also tried for aerosol estimation but the estimates were not consistent. The atmospheric correction was validated using the field spectroscopy measurements.
Geocorrection was performed with a polynomial correction, with a vector base map from the National Land Survey of Finland (Maanmittauslaitos). The study area contains many roads and crossroads, providing a large number of potential ground control points. Around 20 control points were selected for each scene.
The REIP was calculated from both the Hyperion imagery and field spectroscopy data using three methods: four-point interpolation [1] , Lagrangian interpolation [2] , and polynomial fitting [1] . For the field spectroscopy data the Lagrangian interpolation was substituted for the direct highest first derivative.
The four-point interpolation method assumes that the spectral reflectance at the REIP can be calculated as being halfway between the reflectance at 670nm (red) and 780nm (NIR). While the red edge itself can be approximated as a straight line between 700nrn and 740nrn.
The Lagrangian interpolation takes into account the highest first derivative value and the ones directly preceding and fo llowing it. A three-point Lagrangian interpolation is performed using these three derivative values. The REIP is then the highest point in the Lagrangian curve fitted to the derivatives.
The polynomial fitting method assumes that the red edge can be modeled by fitting a fifth order polynomial to the reflectance values in between the minimum reflectance in red (66 1nm) and the maximum reflectance in the NIR (783nrn). A fifth order polynomial produced good fits and high R 2 values (R 2 > 0.99). Once the fifth order polynomial is fitted, the root of the second derivative between 661nrn and 783nm gives the REIP.
RESULTS AND DISCUSSION
The two step destriping worked well in reducing the appearance of striping in the imagery. The desmiling eliminated the appearance of cross track systematic noise seen in a minimum noise fraction fo rward rotation.
The atmospheric correction produced good correlation with the field spectroscopy measurements of the grass field (Figure 1 ). For all imaging dates FLAASH achieved an average RMSE of 3.09% and ATCOR 3.05%. FLAASH was chosen as the method for atmospheric correction for the images used in this study, although both algorithms performed well. ," � <"
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."" A direct comparison between the REIP from Hyperion and in situ data calculated using the polynomial fitting can be seen in Figure 4 . While there was an absolute difference in REIP, both showed a similar seasonal trend. The similarity gives confidence in the applicability of the fifth order polynomial interpolation method. The fifth order polynomial interpolation method was thus used for the REIP calculations from both in situ and Hyperion data. Figure 5 shows the comparison of REIP from Hyperion images and LA!. The xeric pine site was not visible in three of the Hyperion images so no regression line was drawn for the remaining two points. Using all the data points there was no correlation between REIP and LAI (R 2 < 0.13). On an individual site basis there is correlation, but the change in LAI is small for plots with the highest correlation. Figure 6 shows the REIP of the understory against the REIP from Hyperion images. When excluding the grass field site, there is a strong linear relationship (R 2 = 0.59) between the REIP estimates. In addition the relationships for individual sites are even stronger.
CONCLUSIONS
While Hyperion data requires extensive processing, the process is well documented and good results can be achieved. For monitoring vegetation the spatial resolution is 978-1-4799-3406-5/12/$3 1.00©2012IEEE sufficient while the high spectral resolution opens up a number of possibilities for fu rther study. Both ATCOR and FLAASH performed well, although the aerosol retrieval did not work with either algorithm on any scene. In addition the use of a sun photometer for aerosol level estimation was not effective. Further research is needed to determine the optimal method of aerosol retrieval for Hyperion imagery .
While there are number of suggested methods for calculating REIP from Hyperion data, only fifth order polynomial interpolation showed the expected trend in REIP over the growing season. The other methods showed either very little change in REIP or were too sensitive to noise.
While LAI and REIP should fo llow a similar trend over the growing season, there was no clear correlation between overall REIP and LAI in this study. The change in overstory REIP more closely correlated with changes in understory REIP than changes in LA!.
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